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ABSTRACT 

We analyse geometric type IIA flux compactifications leading to = 4 gauged super- 
gravities in four dimensions. The complete landscape of isotropic vacua is presented, which 
turns out to belong to a unique theory. The solutions admit an uplift to maximal super- 
gravity due to the vanishing of the fiux-induced tadpoles for all the supersymmetry-breaking 
branes. Such an uplift is sketched out and the full A/" = 8 mass spectra are discussed. We 
find the interesting presence of a non-supersymmetric and nevertheless stable minimum. 

1 Introduction 

Half-maximal and maximal gauged supergravities in four dimensions are the low-energy effec- 
tive theories arising from flux compactifications in string theory, provided that only internal 
manifolds and extended objects are included which are compatible with such amounts of su- 
persymmetry. In the last decade the embedding tensor formalism has been used extensively 
in the context of (half-)maximal supergravity in order to describe all the deformations of 
the free theory in a duality-covariant way. Nevertheless, it has already been pointed out 
in the literature that not all the gaugings of supergravity have a higher-dimensional origin 
in terms of a geometric flux compactification in string theory. This indicates that gaug- 
ings coming from geometric flux compactifications are not a closed set under general duality 
transformations and this is the origin of non-geometric fluxes Gaugings associated with 
such fluxes might yet have a higher-dimensional description in terms of a double field theory 
(DFT) (2||3], in which duality covariance becomes the fundamental principle to start with, 
independently of the compactification procedure. Because of this interpretation, gauged su- 
pergravities with extended supersymmetry seem to be suitable frameworks for investigating 
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the nature of non-geometric fluxes, as summarised in table [TJ 



SUSY 


G 


stringy interpretation 


M = A 


SL(2)xSO(6,6) 


S- and T-duality 


J\f = 8 


E7{7) 


U-duality 



Table 1: Half-maximal and maximal gauged supegravities in four dimensions seem to be 
suitable playgrounds to understand how to restore duality covariance in flux compactifica- 
tions. 

After introducing the S0(3) truncation of half-maximal supergravity as the effective the- 
ory arising from specific type IIA orientifold reductions with background fluxes, we analyse 
the landscape of isotropic vacua in geometric backgrounds, i.e. including metric and gauge 
fluxes. We find a set of anti-de Sitter (AdS) critical points admitting an uplift to = 8, 
one of which is remarkably stable without preserving any supersymmetry. More details on 
this work can be found in refs (4]-[6]. The goal of finding de Sitter (dS) vacua motivates the 
analysis of non-geometric flux compactifications as possible future extensions. 



2 The geometric type IIA with 06/D6 setup 

Upon the SO (3) truncation, half-maximal supergravity in four dimensions reduces to a three- 
field STU model in the following way 



SL(2) X SO(6,6) ^ SL(2) X SO(2,2) = SL(2)s x SL(2)t x SL(2) 



u 



The truncation allows for forty S0(3)-singlet embedding tensor components that can be 
written in terms of an SL(2) x S0(2, 2) tensor AaABC = Aa(ABC), with a = ± and A = 1, ...,4 
being SL(2) and SO(2,2) fundamental indices, respectively. As shown in ref. j4j, these forty 
embedding tensor components correspond exactly with the set of generalised fluxes in type 
II orientifold reductions on a Z2 x Z2 isotropic orbifold. As a consequence of the truncation, 
the theory preserves only Af = 1 supersymmetry out of the original = 4. Therefore, the 
corresponding scalar potential can be written in terms of a (logarithmic) Kahler potential 
K and a holomorphic superpotential W by using the standard A/" = 1 expression 

y(SO(3))^gi^(_3|^|2^|^^|2^) _ (2.1) 

At the effective level, fluxes appear as arbitrary superpotential couplings up to linear in S 



and up to cubic in T and U. The scalar potential computed from (2.1) turns out to coincide 
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W couplings 


Type IIA fluxes 


Embedding tensor components 




Fe 




a-i 


El 


A+334 


a2 


F2 


— A+344 


^3 


Fo 


A_|_444 


bo 


H, 


-A_333 


bi 


ijj 


A-334 


Co 


Hz 


A+233 


Ci , Ci 


U) 


A+234 , A+133 



Table 2: The set of S0(3)-mvariant embedding tensor components of A admitting a higher- 
dimensional origin as type llA fluxes: a metric flux u together with R-R -fo,2,4,6 and NS-NS 
H3 gauge fluxes. 

with the scalar potential given in ref. [7| up to terms projected out by a set of A/" = 4 

quadratic constraints on the embedding tensor A [i] . 

Restricting to the components of A that can be interpreted as metric or gauge fluxes in 

a type IIA realisation of the model, we are left with the following superpotential 

WiiA = ao-Sa^U + 3a2U'^ - a^U^ -boS + 3biSU + 3coT + {6ci-3ci)TU , (2.2) 

consisting of nine flux-induced couplings (see table |2]). These fluxes are demanded to satisfy 
the set of A/" = 4 quadratic constraints 

ci (ci - ci) = , 61 (ci - ci) = (w^ = 0) , 
-a3Co-a2(2ci-Ci) = (A^g^ = 0) , 

where the first two constraints are related to the nilpotency of the twisted exterior derivative 
operator, whereas the third one imposes the absence of D6-branes wrapping the directions 
orthogonal to the 06- planes, which would break supersymmetry explicitly down to Af = 1. 
In contrast, D6-branes parallel to the 06-planes are compatible with A/" = 4 supersymmetry, 
hence being allowed. Their corresponding flux-induced tadpole reads 

ATell =80261 -ag&o = ^-Nne. (2.4) 

After observing that the set of fluxes given in table [2] is closed under non-compact duality 
transformations (i.e. real shifts and rescalings of S, T and U), we can restrict the search for 
critical points of the scalar potential to the point Sq = Tq = Uq = i without losing generality. 
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The field equations become then quadratic conditions in the fluxes that have to be satisfied 



together with the quadratic constraints in (2.3). These equations generate a quadratic ideal 



which we decompose in terms of prime ideals by using the Gianni- Trager-Zacharias (GTZ) 
decomposition [s] with the help of Singular |9|. By solving them, the complete set of 
critical points of the scalar potential is presented in table [3] They turn out to be (modulo 
the discrete Z12 symmetry introduced in the caption) different AdS critical points of a unique 
theory with an underlying gauging given by the gauge group Go =IS0(3) x U(l)^. 



ID 


fflo 


ai 


ffl2 


as 


bo 


h 


Co 


Ci = Ci 


h 


3V^ , 

,s A 

2 


^A 
2 


Vw 

— s A 

6 


5^A 
6 


— s A 

3 


^A 
3 


s A 

3 


V^A 


2. 


16^10 , 
s — 7: — A 








16V-2^ 





16 VW 





16%/TO 
A 


9 


9 


45 ^ 


15 


3. 


iVTo , 

s A 

5 


15 


iVW ^ 

s A 

15 


4^ , 

s A 

15 


4V30 . 

,s A 

15 


4VT0^ 

15 


4V30 ^ 

— s A 

15 


4^^ 

5 


4. 


16 VW , 

s A 

9 








16V2^ 
9 





16V2^ 
9 





16V2^ 
9 



Table 3: The set of critical points of the scalar potential for geometric type IIA isotropic flux 
compactiflcations. The solutions labelled with 1^ turn out to preserve A/" = 1 supersymmetry 
for s = +1 and to be non-supersymmetric for s = —1, whereas all the others are non- 
supersymmetric. It is worth noticing that s = ± 1 appears as an accidental Z2 symmetry 
which relates solutions having exactly the same energy and the same mass spectrum. The 
parameter A is a global scaling parameter such that V oc X^. 

Regarding stability at the critical points, we computed in ref. ^ the full mass matrix for 
the 38 physical scalars in A^ = 4 making use of the results in ref. |lO]. At this point, we can 
say two things: flrstly, the solutions 1^ are fully stable because of (fake-) supersymmetry, and 
secondly the solutions 2^ are already unstable because of the presence of a tachyon whose 
mass is below the Breitenlohner-Freedman (BF) bound. However, this is not enough since 
all the critical points turn out to be compatible with the total absence of sources, i.e., the 



flux- induced tadpole (2.4) does accidentally vanish at these points. As a result, they admit 
an uplift to A/" = 8 and hence one should analyse the full mass matrix for the 70 scalars 
spanning the coset E7(7)/SU(8) in order to make any flnal statement about stability. We 
worked out the uplifting by embedding the i?-symmetry group of half-maximal theory, i.e. 
U(4) = U(l) X SU(4), into that of the maximal, i.e. SU(8), and relating the fermionic shifts 
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given in ref. [T] to those ones in ref. 11 according to the decomposition 
SL(2) X SO(6,6) 

^7(7) ^ 

SU(8) 



U(l) X SU(4)^ X SU(4), 

V ' 

i?-symmetry of the M=A theory 



(2.5) 



After this uphfting, the whole set of critical points are found to satisfy the equations of 
motion and the quadratic constraints of the maximal theory. Subsequently we computed 
the mass matrix for the scalars in the JV = 8 theory using the results in ref. 12 . The 
results are summarised in table |4} We find that the solutions 3s are non-supersymmetric 
and nevertheless stable. Up to our knowledge, this is the second example in the literature 
(after the one in ref. jlS]) of such a solution in maximal supergravity; as opposed to the first 
example, though, this solution is completely tachyon-free rather than presenting tachyons 
although still above the BF bound. A final remark is that now, what used to be an accidental 
Z2 symmetry in the solutions has a proper interpretation within the A/" = 8 theory, i.e. it 



interchanges SU(4)m and SU(4)a in eq. (2.5). 



ID 


Vo 






Stability 


1. 


-A2 


2 

"3 


2 

"3 


STABLE 


2. 


32 , 


4 

^5 


4 

^5 


UNSTABLE 


3. 


15 








STABLE 


4. 


27 





4 

"3 


UNSTABLE 



Table 4: The values of the energy and the normalised mass for the lightest scalar at the set 
of critical points. One observes that, when lifting from A/" = 4 to A/" = 8, the solutions 4^ 
become unstable because of the appearance of an unstable tachyonic direction within the 
new scalar modes. We remind the reader that in four dimensions the BF bound is given by 
m|p = —3/4 in units of the scalar potential. 



3 Conclusions 



The study of isotropic type IIA orientifolds including geometric fluxes and preserving half- 
maximal supersymmetry reveals the presence of only AdS vacua in the landscape. The 
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solutions turn out to be all liftable to maximal gauged supergravity where they appear as four 
different critical points of a unique theory: one is supersymmetric and stable, another one is 
non-supersymmetry and nevertheless stable and the remaining two are non-supersymmetry 
and unstable. The natural extension of this work will be to study the effect of non-geometric 
fluxes in this setup in order to get a richer landscape, maybe even containing dS solutions. 



Acknowledgements 

We are grateful to Andrea Borghese for stimulating discussions. The work of the authors 
is supported by a VIDI grant from the Netherlands Organisation for Scientific Research 
(NWO). Furthermore, G.D. would like to thank the organisers of the "XVII European Work- 
shop on String Theory" , held in September 2011 in Padua, for a very stimulating experience. 



References 

[1] J. Shelton, W. Taylor and B. Wecht, "Nongeometric flux compactiflcations," JHEP 0510 
(2005) 085 thep-th/0508133] . 

[2] G. Aldazabal, W. Baron, D. Marques, C. Nunez, "The effective action of Double Field 



Theory," arXiv:1109.0290 [hep-th]]. 



[3] D. Geissbuhler, "Double Field Theory and N=4 Gauged Supergravity," [arXiv: 1109.4280] 
[hep-th]]. 

[4] G. Dibitetto, A. Guarino, D. Roest, "Charting the landscape of N=4 flux compactiflca- 
tions," JHEP 1103 (2011) 137. |arXiv: 1 102. 0239 [hep-th]]. 

[5] G. Dibitetto, A. Guarino, D. Roest, "How to halve maximal supergravity," JHEP 1106 



(2011) 030 [arXiv: 1104.35871 [hep-th]]. 
[6] G. Dibitetto, A. Guarino and D. Roest, to appear. 

[7] J. Schon and M. Weidner, "Gauged N = 4 supergravities," JHEP 05 (2006) 034, 



arXiv:hep-th/0602024l 



B. T. P. Gianni and G. Zacharias, "Grobner bases and Primary Decomposition of Poly- 
nomial Ideals," J. Symbolic Computation 6 (1988) 149-167. 

[9] W. Decker, G.-M. Greuel, G. Pflster, and H. Schonemann, "Singular 3-1-2 — A com- 



puter algebra system for polynomial computations,", http://www.singular.uni-kl.de 

6 



[10] A. Borghese, D. Roest, "Metastable supersymmetry breaking in extended supergravity,' 



JHEP 1105 (2011) 102. |arXiv:1012.3736 | [hep-th]]. 

[11] B. de Wit, H. Samtleben, M. Trigiante, "The Maximal D=4 supergravities," JHEP 
0706 (2007) 049. [arXiv: 0705. 210 1 [hep-th]]. 

[12] A. Le Diffon, H. Samtleben, M. Trigiante, "N=8 Supergravity with Local Scaling Sym- 
metry," JHEP 1104 (2011) 079. |arXiv:1103.2785| [hep-th]]. 

[13] T. Fischbacher, K. Pilch and N. P. Warner, "New Supersymmetric and Sta- 
ble, Non-Supersymmetric Phases in Supergravity and Holographic Field Theory," 



arXiv: 1010.4910 [hep-th]. 



7 



